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ABSTRACT: Comparative research of thermopre- 
ference and thermoresistance of amphipods (Crustacea: 
Amphipoda) from Lake Baikal and the surrounding area 
was carried out. In experiments Holarctic Gammarus 
lacustris Sars, 1863 and seven Baikalian endemic spe- 
cies were used. It is shown, that all investigated physio- 
logical characteristics directly relate with environmen- 
tal conditions of each species. For deep-water amphipod 
species thermopreference behavior is poorly expressed 
and the high sensitivity to heating is estimated. Littoral 
species have the most advanced thermopreference reac- 
tion as well as a high level of thermoresistance. The 
absence of thermopreference reaction at Brandtia par- 
asitica (Dybowsky, 1874), which parasite the baikalian 
sponges Lubomirskia baikalensis (Dybowsky, 1874) 
was observed. It is shown that extent of endemic amphi- 
pod species distributions from Lake Baikal could reflect 
their attitude to temperature factor as well. 


PE3IOME: IIposeneno cpaBHntesibHoe nccseq0Ba- 
Hue TepMolpepepeHaAyMa H TepMope3HcTeHTHOCTH 
am@dunoy (Crustacea: Amphipoda) u3 o3epa baiikan n 
lpHOaiikasIbCKHX BOA0eMOB. B dKcIIepHMeHTAax HCIOJIb- 
30Bamu ConapKtuyeckoro Gammarus lacustris Sars n 
CeMb OaiiKaJIBCKHX IHJACMHYHBIX BUAOB. IloKa3aHo, YTO 
BCE HCCJICȚOBAHHDIE DH3HOJOrHYECKHE XapaKTepHCTH- 
KH HANpAMYIO CBA3aHbI C YCHOBHAMH OÕHTAHHA 9THX 
BHOB. Y rityOoKOBOHBIX aMþunog TepMorpedepent- 
Hoe MOBeAeHHe BbIParxKeHO c1ab0, yCTaHOBIeHa ÕOJIb- 
Wad UYBCTBHTCIbHOCT K MOBBILMeCHHIO TEMNEpaATYpHI. 
JĪHTOpAaJIbHbIe BUJ{bI HMEIOT ÕOJICE BbIPaKCHHOe TEpMO- 
lIpetepeHTHoe NOBeAeHHe H BbICOKHM YPOBeHb TepMO- 
pe3HcTeHTHOCTH. OTMe4eHO MOHOe OTCyTCTBHe Tep- 
Molpe(epeHTHoro noBeyeHna y BuIA Brandtia parasi- 
tica (Dybowsky, 1874) napa3sutTupyromjero Ha ryOKe 


Lubomirskia baikalensis (Dybowsky, 1874). Iloxa3a- 
HO, YTO MpOTMKEHHOCTh paciipocTpaHeHua JHAEMHY- 
HbIX BHJOB aM@unog 3a Upexenamu o3epa baiikan, 
CBA3aHa C XApaKTEPOM HX OTHOIICHHA K TeEMMepaTypHo- 


My (pakTopy. 
Introduction 


Gammarids (Crustacea: Amphipoda) from Lake 
Baikal and other Siberian waterbodies are of great 
interest to assess the influence of environmental factors 
on hydrobionts. Biodiversity of this group in Lake 
Baikal is extremely rich. Today, more than 257 species 
are been described [Takhteev, 1997]. The amphipod 
fauna from other Siberian lakes, besides small number 
of species, which were distributed from lake Baikal, 
mainly represented by Holarctic Gammarus lacustris 
Sars, 1863 [Bekman, 1954; Barnard, Barnard, 1983]. 
Living in the extremely different conditions, as in lake 
Baikal (from a zone of a surf down to minimum depths), 
and beyond its limits (in eutrophic shallow lakes), am- 
phipods as a group have developed a wide variety of 
different specializations to specific environmental con- 
ditions [Kozhova, Izmest’eva, 1998]. 

Temperature is the most important factor influenc- 
ing hydrobionts, especially poikilothermic crustaceans. 
Despite the importance of temperature as an environ- 
mental factor on hydrobionts of Baikal, the effects of 
temperature have been investigated insufficiently. The 
majority of publications dealing with baikalian amphi- 
pods consider questions of their systematics [Ka- 
maltynov, 1992; Takhteev, 2000, etc.]. The experimen- 
tal works with Baikal amphipods are represented poorly. 
There is only one thermopreference experimental inves- 
tigation on deep-water baikalian amphipods [Brauer et 
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Fig. 1. Thermoresistance of amphipods E. cyaneus, G. fasciatus, G. lacustris at temperature 25°C (in % from control). 
Puc. 1. Tepmopesucrenruocrn ampuno, E. cyaneus, G. fasciatus, G. lacustris mpn Temneparype 25°C (B % or KoHTpoas). 


al., 1984]. Earlier, some preliminary results of the current 
investigation were presented [Timofeyev et al., 2000]. 
By this reason the necessity of the comparative exper- 
imental study of thermopreference of Baikalian endemic 
gammarids and Holarctic G. lacustris looked to be obvi- 
ous as also as an estimation of their thermoresistance. 


Materials and Methods 


The experiments were carried out in summer months 
during 1997-2000, at the baikalian biological station of 
Biology Research Institute at Irkutsk State University in 
settlement Bolshie Koty (Southern Baikal). In these 
experiments, holarctic G. lacustris and 7 endemic 
baikalian species were used. Littoral species: Eulimnog- 
ammarus vittatus (Dybowsky, 1874), E. verrucosus 
(Gerstfeld, 1858),E. cyaneus (Dybowsky, 1874),Gmeli- 
noides fasciatus (Stebbing, 1899) and Brandtia parasit- 
ica (Dybowsky, 1874) (a parasite of the baikalian sponge, 
Lubomirskia baikalensis (Dybowsky, 1874). Deep-wa- 
ter fauna in experiments represented by Ommatogam- 
marus flavus (Dybowsky, 1874) and O. albinus (Dy- 
bowsky, 1874) (the given species are eurybathic and can 
be found on depths from 3 m down to 1600 m, however, 
the basic zone of their habitation 100 down to 600 m 
depth [Beckman, 1984]). The catching of baikalian 
gammarids was held on depths mainly 0.5—20 m with use 
drag and with the help of scuba divers. For capturing 
deep-water amphipods special traps lowered to depths 
down to 100-200 m were used. G. lacustris was caught 
from shallow lake, located nearby to Bolshie Koty (1 km 
from Baikal Lake shore). Before the experiments, all 
amphipods caught were contained separately by species 
in 1-3 1. aquariums, in darkness, at temperatures 6—7°C 
(24 hours). Identification of species was made by use of 
A.Y. Bazikalova keys [1945]. 

Comparative research of amphipods thermoresis- 
tance was carried out in thermostatic cameras, at temper- 


atures 25(+1), 30(41)°C. In vessels (volumes 100 ml. - 
200-ml.) amphipods were placed separately. Thus, the 
individual localization lead to an objective estimation of 
amphipods’ resistance to temperature stress avoiding 
negative influences of the products of dead specimens 
living specimens. In experiments only adult crustaceans 
were used. Vessels were placed in cameras with the 
given temperatures and through every 5—10 minutes the 
number of died specimens was counted. 

Forthermopreference experiments standard techniques 
were used [Tsurnamal, 1978; Taylor, 1984]. In experi- 
ments a device, which allowed us to create and maintain 
a gradient of temperature in water from 3 up to 25°C, was 
used. Into this device we poured water by a layer in 5—6 
cm., and after an establishment of a stable temperature 
gradient, 20-30 amphipods were placed in it. The device 
in regular intervals was shined. The registration of amphi- 
pod distribution in the device was carried out every 30 
minutes for 5—6 hours. Usually, after first 30 minutes 
crustaceans became distributed in the certain order, form- 
ing congestions on temperatures, specially preferred for 
each species. The experiments were carried out with the 
adult and juvenile amphipods (except B. parasitica with 
which only adult specimens were used). 

The sizes of amphipods used were: E. verrucosus 30 
(+3) mm, juvenile 13 (+2) mm; E. vittatus 17 (+1) mm, 
juvenile 9 (+1) mm, E. cyaneus 14 (+1) mm, juvenile 7 
(+1) mm; G. fasciatus 7 (+1) mm, juvenile 3 (+1); B. 
parasitica 5 (+1) mm; O. albinus 18 (+1) mm, juvenile 
10 (41) mm; O. flavus 20 (+1) mm, juvenile 10 (+1) mm; 
G. lacustris 14 (+2) mm, juvenile 8 (+1) mm. For each 
species a series of experiments was carried out, made in 
the different temporary periods and with various dura- 
tion. The received materials were processed statistically 
[Glantz, 1998] with use of the software package “Bio- 
stat-3.01”. On the figures means and confidential limits 
are shown. For comparison of curves used criterion %7. 
The conclusions of comparisons were made at 0.95. 
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Fig. 2. Thermoresistance of amphipods E. verrucosus, E. vittatus, B. parasitica, O. flavus and O. albinus at temperature 25°C (in 


% from control). 
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Results and Discussion 


Thermoresistance. As our experiments showed, all 
investigated amphipods species differed with respect to 
their resistance to heating. First, a series of experiments 
with temperature 25°C (Fig. 1,2) was made. The re- 
ceived materials allowed dividing all used species into 3 
groups by degree of their resistance. The first group was 
represented by high resistant species: G. fasciatus, E. 
cyaneus and G. lacustris, the parameters of which resis- 
tance at 25°C were close (Fig.1). The second group was 
represented by less resistant species: E. verrucosus, E. 
vittatus, B. parasitica. It could be seen well from curves 
(Fig. 2) some branch from other species E. vittatus 
which shown itself as steadier species among the second 
group. The third group was represented by species, 
which have shown the highest sensitivity to heating: O. 

flavus and O. albinus. 

The following series of experiments was carried out 
with the species, which have shown themselves as most 
resistant to temperature 25°C. The experiences carried 
out at 30°C. The results of the given experiments are 
showed (Fig. 3). From the diagram, the much resistance 
to heating of G. fasciatus and G. lacustris, than at E. 
cyaneusis visible. The parameters ofG. fasciatus and G. 
lacustris thermoresistance were close. 

Thus, all studied species by a degree of increasing of 
their thermopreference abilities could be arranged in the 
following line: 

O. flavus = O. albinus < E. verrucosus = B. parasitica < 
E. vittatus < E. cyaneus < G. lacustris = G. fasciatus 

Thermopreference. The thermopreference study of 
amphipods has revealed a rather wide variety of temper- 
ature preferences of all investigated species, and also 
different degree of expressing of thermopreference be- 


havior. Among investigated amphipods, besides species 
with well-expressed temperature preference, the species 
with weakened or absolutely absent reactions were ob- 
served. 

On Fig. 4 the distribution of G. fasciatus in thermo- 
gradient installation is shown. In experiments G. fascia- 
tus demonstrated a preference for higher temperatures. 
The greatest concentration ofadult crustaceans in exper- 
iments (30 %) was observed in the zone from 17—18°C. 
The experiments with juvenile amphipods of the given 
species have shown preferred temperatures of 15—16°C, 
where up to 31 % were accumulated. 

The materials of experiences with G. lacustris are 
shown on Fig. 5. It could be visible, that preference to 
high temperatures also is characteristic for this species. 
The greatest quantity of amphipods (up to 33 %) was 
accumulated in a zone of 15—16°C. The definition of 
thermopreference of juvenile G. lacustris has shown 
that their preferred temperatures are in the range of 17— 
18°C, with amaximum of distribution in this zone 44 %. 

Another pattern is observed in the experiments with 
E. cyaneus. The thermopreference curve of the given 
species is shown on Fig. 6. It’s could be seen, that E. 
cyaneus also, as well as previous species had well- 
expressed preference behavior. However, in experi- 
ments, amphipods of the given species preferred some- 
what lower temperatures. The greatest quantity of them 
(30 %) concentrated in a zone of from 11—12°C. The 
percentage of amphipods distribution in both directions 
from preferred zone was reduced in regular intervals. 
The least concentrations were marked in extreme points 
of a gradient. Juvenile E. cyaneus in experiences chose 
9-10°C, with highest percent of concentration 32 %. 

Results of experiences with E. verrucosus apprecia- 
bly differed from the previous species (Fig.7). It is 
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Fig. 3. Thermoresistance of amphipods E. cyaneus, G. fasciatus, G. lacustris at temperature 30°C (in % from control). 
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Fig. 4. Distribution of G. fasciatus in thermo-gradient installation, in %. 
Puc. 4. Pacnpeaesenne G. fasciatus B TEPMOrTpaAMeHTHOÑ ycraHosKe, B %. 


visible, that amphipods E. verrucosus preferred a tem- 
perature zone 5—6°C, where up to 30 % were concentrat- 
ed. The displacement of the preference peak in gradient 
in the party of smaller temperatures is characteristic. 
Thus, if percent of amphipods in zones more than 10°C 
did not exceed a parameter in 10 %. For juveniles of £. 
verrucosus, higher preferred temperatures | 1—12°C were 
observed, where up to 35 % of individuals of this species 
were concentrated. 


The results of experiences with £. vittatus are shown in 
Fig. 8. As can be seen from this figure, the character of 
distribution in a temperature gradient of this species was 
close to those at E. verrucosus. The greatest percent of 
amphipods concentration in installation was fixed in zones 
5—6°C. The peak of concentration at the given species 53 
% was the highest concentration among all amphipods 
investigated. Juvenile Æ. vittatus also preferred a temper- 
ature zone 1 1—12°C, where up to 21 % were accumulated. 
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Fig. 5. Distribution of G. lacustris in thermo-gradient installation, in %. 
Puc. 5. Pacnpeaesenne G. lacustris B repmorpaaveHTHO ycraHoBKe, B %. 
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Fig. 6. Distribution of E. cyaneus in thermo-gradient installation, in %. 


Puc. 6. Pacnpesesenme E. cyaneus B TEpMOrpapMeHTHOÑ ycraHoBKe, B %. 


Materials received from experiments with the repre- 
sentative of deep-water fauna O. flavus are given in a 
Fig. 9. From this diagram it is visible that the greatest 
concentration of amphipods (20 %) was observed in a 
zone ofthe lowest temperatures (3—4°C). In experiments 
with juveniles of this species, we observed similar pre- 
ferred temperatures of 3—4°C, with maximal percent of 
amphipods concentration 23 % was marked. 


In experiences with a close species O. albinus a little 
bit higher peak of distribution in gradient was observed 
(Fig. 10). Preferred temperatures of O. flavus were close 
to those of O. flavus, in experiments up to 25 % of all 
amphipods preferred zone of lowest temperatures 3— 
4°C. A similar pattern was observed in the distribution 
of juvenile O. albinus, where up to 25 % specimens 
preferred 3—4°C. It is necessary to note, that in contrast 
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Fig. 8. Distribution of E. vittatus in thermo-gradient installation, in %. 


Puc. 8. Pacrrpeaeaenue E. vittatus B TEpMOrpapMeHTHOÑ YCTAHOBKE, B %. 


to all littoral species, deep-water O. flavus and O. 
albinus have shown appreciably lower percentage levels 
of thermopreference peaks. 

Essentially different from the behaviors of the other 
amphipod species studied was the behavior of the para- 
site, B. parasitica (Fig. 11). It was found that in gradient 


installations, amphipods of this species did not show any 
thermopreference behavior and during all experiment 
settled down in the points where they were initially 
placed. The results of these experiments allowed making 
a conclusion about the absence at the given species 
thermopreference reaction [Timofeyev et al., 2000]. It is 
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Fig. 9 Distribution of O. flavus in thermo-gradient installation, in %. 
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Fig. 10. Distribution of O. albinus in thermo-gradient installation, in %. 
Puc. 10. Pacmpeaeaenue O. albinus B repmorpaAuenTHom ycraHosKe, B %. 


interesting to note that we observed another preference 
behavioral reaction which is characteristic for B. parasit- 
ica: inthe presence of fragments of the spongeL. baikalen- 
sis in the same installation (on distance up to 25 cm), 
individuals of B. parasitica actively moved in them, and 
a bit later were concentrated on these fragments. 

It is thus possible to divide all investigated amphi- 
pods into three groups based upon the thermopreferenc- 


es of each. The first group was represented by species 
with well-expressed thermopreference behavior, their 
maximum concentrations were 30 % or higher. This 
group was represented by all littoral species:E. cyaneus, 
E. vittatus, E. verrucosus, G. fasciatus, G. lacustris. The 
second group was represented by deep-water amphi- 
pods O. flavus and O. albinus with poorly expressed 
thermopreference behavior. Maximal concentrations in 
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Fig. 11. Distribution of B. parasitica in thermo-gradient installation, in %. 
Puc. 11. Pacmpeaeaenue B. parasitica B TepmorpaAueHTHOM ycraHoBKe, B %. 


thermopreference zones for these species didn’t reach 
30 %. Third was presented by B. parasitica, the charac- 
ter of distribution of this species in thermogradient 
device was practically uniform. This species didn’t 
express any thermopreference behavioral reaction. 

It could be seen well from these experiments, that for 
littoral baikalian G. fasciatus, E. cyaneus and holarctic 
G. lacustris differences between thermopreferendum of 
juvenile amphipods and adults of the same species were 
1-2°C. The similarity of distribution parameters for 
both age groups was estimated for deep-water O. albi- 
nus and O. flavus. In the same time, for littoral species 
E. vittatus and E. verrucosus the significant distinctions 
in distribution of the adult amphipods and juvenile of 
both species were observed. 

By degree of increase of their thermopreference 
levels all species were arranged in the following order: 
O. flavus = O. albinus < E. verrucosus = E. vittatus < 
E. cyaneus < G. lacustris = G. fasciatus. From compar- 
ison of the given line to a line by thermoresistance, is 
could found, that the mutual positions of all endemic 
species in two lines were kept. The species, which 
preferred higher temperatures, accordingly were char- 
acterized by higher thermoresistance. 

It must be stressed that the experimental data, re- 
ceived in laboratory, correlate closely with our observa- 
tions of conditions of living zones of each amphipods 
species, in particular to their temperature modes. 

So it is known, that G. fasciatus littoral species in 
Lake Baikal it submitted practically everywhere and 
rather widely distributed outside Lake Baikal. By its 
ecological characteristics, G. fasciatus is close to the 
cosmopolitan G. lacustris. Its especially plentiful in 


shallow bays i.e. zones with relatively increased for 
Baikal temperatures [Beckman, Bazikalova, 1951; Beck- 
man, 1962]. Such characteristics relate well with its high 
thermoresistance ability and level of preferred temper- 
atures revealed in experiments. 

E. cyaneus is an inhabitant of the littoral zone and up 
to 90 % of its population occupies a narrow zone in a 
strip of a surf with depth up to 0.5 m [Weinberg et al., 
1998], i.e. sites of littoral with the higher summer 
heating of water. Living in such conditions, apparently, 
is related to its rather high thermoresistance and level of 
preferred temperatures. 

For E. vittatus and E. verrucosus it is interesting to 
note possible relation of distinctions in preferred tem- 
peratures by juvenile and adults stages with the ex- 
pressed seasonal migrations. In summer time, when 
temperature of water increasing, adult amphipods of 
these species leaving from coast, moving in zones of the 
large depths, while juvenile amphipods remains in a 
zone of a beach [Weinberg, Kamaltynov, 1994; Wein- 
berg, 1995]. The quoted authors, earlier presumably 
assumed, that migrations of E. verrucosus can be caused 
by summer increasing of water temperatures. The results 
of our experiments confirm this hypothesis. The same 
factors probably control the seasonal changes in the 
distribution of E. vittatus. 

The preference of the minimal temperatures in ex- 
periments expressed by the representativesO. flavus and 
O. albinus, well relates with that on the depths, most 
preferred to them, stable low-temperature regime. Pre- 
ferred temperatures of these species 3-4°C are close to 
temperatures of these depths zones (4—6°C at 100 m 
depth, 3.6°C at 200 m. depth and deeper). The decreased 
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expression of preference behavior and their high sensi- 
tivity to heating are probably related to the absence of 
the any fluctuations of temperatures in their living zone. 

The absence of thermopreferendum by B. parasitica 
could be related with its narrow parasitic specialization. 
Constant living on sponge L. baikalensis, apparently, 
does not require well-developed thermopreference be- 
havior. At the same time, habitation of B. parasitica in 
littoral, i.e. zone with rather essential fluctuations of 
temperatures, was expressed in higher parameters ther- 
moresistance, than at deep-water species. 

G. lacustris is a species widely distributed in shallow 
and well warmed waterbodies of the Baikal region and 
through all of the Holarctic [Beckman, 1954; Barnard, 
Barnard, 1998]. This species lives in zones of seasonal 
and daily increases of temperatures. According to this, 
amphipods have high level of thermopreference and 
well resistant to the increased temperatures. 


It was interesting to estimate how the attitude to the 

temperature factor relating with distribution of studied 
Baikalian endemics outside Baikal Lake. The compari- 
son of obtained lines of species thermopreference and 
thermoresistance data about their distribution out from 
lake Baikal by the single out-flowing rivers system 
(Angara River — Enisey River) was made. Taking in 
account that in result of building several dams, Angara 
River and Enisey River were transformed into step 
system of reservoirs, that caused changing in all ecosys- 
tems, and led to domination of G. fasciatus [Safronov, 
1999], for the given comparison the materials of amphi- 
pods distribution concerning to the period previous 
dams building were used. According to different sources 
[Bazikalova, 1945, 1957; Kozhov, Tomilov, 1949; 
Kozhov, 1931, 1962, etc.] outside Baikal those of studi- 
ed species were observed: Æ. vittatus, E. cyaneus, E. 
verrucosus, G. fasciatus. The species O. flavus, O. 
albinus were not observed outside the lake. On various 
sites, depending on extension from Baikal, the number 
of species was reduced: on a site from a source Angara 
River up to Irkutsk (70 km from Baikal) were observed 
all 4 species —E. vittatus, E. cyaneus, E. verrucosus, G. 
fasciatus; on a site from Irkutsk up to Bratsk City (600 
km from Baikal) were found 3 species — E. vittatus, E. 
cyaneus, G. fasciatus, on this siteE. verrucosus left from 
common number of species; ona site from Bratsk city up 
to r. Enisey all three species were observed, however in 
Enisey E. vittatus was absent; on the most part along 
Enisey RiverG. fasciatus andE. cyaneuswere observed, 
however in the second half of Enisey River last species 
was not marked, onlyG. fasciatus was presented, the zone 
of which distribution was stretched down until Enisey 
River connects with ocean. For such comparison we did 
not use B. parasitica, as its distribution first of all should 
be influenced by sponge distribution, instead of temper- 
ature factor. 

By the range of distribution from Baikal by system of 
the rivers endemic species was could be placed in the 
following line: O. flavus = O. albinus < E. verrucosus 
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< E. vittatus < E. cyaneus < G. fasciatus. It is visible, 
that this line also reflects general order showed in lines 
by species thermopreference and thermoresistance 
[Timofeyev, 2000]. 

Thus, it has been determined that the extent of 
baikalian amphipods distribution relates to their thermo- 
preference and thermoresistance abilities. So it possible 
to propose that endemic amphipods distribution out of 
lake Baikal limits can be partially connected to character 
of their attitude to temperature factor as well. 
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